Introduction: Electrochemical lithium-ion intercalation into natural graphite cannot take place in a propylene carbonate (PC)-based electrolyte.
Continuous decomposition of PC, accompanied by exfoliation of graphite, is observed instead of intercalation of lithiumion. One of the plausible hypotheses to explain this behavior is that PC-solvated lithium-ion intercalates into graphite during the first charge, leading to the exfoliation of graphite 1 . Therefore, we consider that the solvation structure of lithium-ion should strongly influence a charge-discharge behavior of natural graphite.
In this work, we studied charge-discharge properties of natural graphite in PC and dimethyl carbonate (DMC) binary solutions with various mixing ratios.
The solvation structure of lithium-ion was determined from Raman spectra of PC:DMC solutions. Here we report the correlation between the solvation structure of lithium-ion and a charge-discharge behavior of natural graphite in PC:DMC solutions and discuss the mechanism of the exfoliation of graphite.
Experimental: Natural graphite powder (NG-7, SEC Carbon, Ltd., Japan) was used as an active material. A composite electrode was prepared by coating copper foil with a slurry (containing NG-7 and polyvinylidene difluoride (PVdF) and served as a working electrode. The weight ratio of NG-7 to PVdF was 9:1. Electrolytes consisting of 1 mol dm -3 LiClO 4 dissolved in pure PC and PC:DMC (1:1 -1:9 by vol.) (Battery-grade chemicals, Kishida Chemical, Japan) were used for charge-discharge tests.
The charge-discharge tests were carried out using a three-electrode cell, in which lithium foil was used as both the counter and reference electrodes. The constant current was set at 37.2 mA g -1 , corresponding to the rate of C/10. To make the SEI compositions constant in various PC:DMC solutions, a charge-discharge measurement of a graphite electrode was conducted in an ethylene carbonate-based (EC-based) electrolyte, in advance.
Results and discussion: Figure 1 shows chargedischarge curves for natural graphite in an electrolyte consisting of 1 mol dm -3 LiClO 4 dissolved in PC, PC:DMC (1:1 by vol.) and PC:DMC (1:7 by vol.) after being cycled in 1 mol dm -3 LiClO 4 EC:DMC (1:1 by vol.). In the electrolytes consisting of LiClO 4 / PC and LiClO 4 / PC:DMC (1:1 by vol.), the electrode potential remained constant at around 0.8 V during the charge process and the exfoliation of graphite was observed. On the other hand, natural graphite in LiClO 4 / PC:DMC (1:7 by vol.) showed an entirely different behavior from that in LiClO 4 / PC or PC:DMC (1:1 by vol.). The charge-discharge tests were successful and the exfoliation of graphite was not observed. The discharge capacities at the 1st to 5th cycles were about 330 -340 mAh g -1 , which are close to the theoretical capacity of 372 mAh g -1
. These results indicate that the charge-discharge behaviors of graphite in PC:DMC mixed solutions depend on the PC contents.
Average solvation numbers of PC molecules per lithiumion (N PC ) were evaluated from Raman spectra of LiClO 4 / pure PC and PC:DMC (1:1 -1:9 by vol.). The relation between N PC and PC volume% in PC:DMC solutions is shown in Fig. 2 . The value of N PC changes drastically in electrolytes with low PC contents (<50 vol%). In this region of PC contents, the charge-discharge behavior of graphite also varies significantly. When N PC was larger than 1.9, the charge-discharge tests for natural graphite failed and the exfoliation of graphite was observed. On the other hand, natural graphite in electrolytes with N PC < 1.1 showed successful charge and discharge. These results indicate that a charge-discharge behavior of graphite strongly depends on N PC . Based on these results, the mechanism of the exfoliation of graphite will be discussed. 
